Studies were conducted to examine interrelationships between the heterotrophic and phototrophic populations within an epilithic community in the outlet stream of a high alpine lake. Levels of nitrates, phosphates, and total organic compounds in the lake were consistently near the lower limits of detectability. Microscopic examination of the community by phase-contrast light microscopy and scanning electron microscopy revealed diatoms, filamentous algae, and bacteria embedded within a dense gelatinous matrix. Chlorophyll a and primary productivity measurements had peak values in early August, with subsequent declines. Bacterial heterotrophic activity, as measured by V.max, turnover rate, and relative activity, increased significantly as the phototrophic community declined. This trend in heterotrophic activity was not accompanied by an increase in total bacterial numbers as determined by epi-illuminated fluorescence microscopy. These results suggest that the phototrophic community responded to changes in, or interactions among, various chemical and physical factors throughout the study period. The catabolic activity of the sessile bacteria appeared to be positively influenced by changes in the mat environment resulting from the decline of the phototrophic populations.
Studies were conducted to examine interrelationships between the heterotrophic and phototrophic populations within an epilithic community in the outlet stream of a high alpine lake. Levels of nitrates, phosphates, and total organic compounds in the lake were consistently near the lower limits of detectability. Microscopic examination of the community by phase-contrast light microscopy and scanning electron microscopy revealed diatoms, filamentous algae, and bacteria embedded within a dense gelatinous matrix. Chlorophyll a and primary productivity measurements had peak values in early August, with subsequent declines. Bacterial heterotrophic activity, as measured by V.max, turnover rate, and relative activity, increased significantly as the phototrophic community declined. This trend in heterotrophic activity was not accompanied by an increase in total bacterial numbers as determined by epi-illuminated fluorescence microscopy. These results suggest that the phototrophic community responded to changes in, or interactions among, various chemical and physical factors throughout the study period. The catabolic activity of the sessile bacteria appeared to be positively influenced by changes in the mat environment resulting from the decline of the phototrophic populations.
Recent investigations have suggested that sessile microbial populations may have a major impact on the environments they inhabit. In a natural alpine stream setting it was found that large numbers of heterotrophic bacteria, including coliforms, were closely associated with the phototrophic populations on solid substrates, and laboratory studies showed that the bacteria from that community used organic extracellular products from the algae (20) . Other studies of a subalpine Canadian stream (9, 18) showed that, in addition to being numerically dominant, sessile bacteria were also much more active with respect to the removal of dissolved organic compounds from the water than their planktonic counterparts. One would expect from these findings that the sessile bacterial population plays an important role in stream purification processes and that nutrient exchange between bacteria and algae is a feature of natural microbial communities in oligotrophic freshwater systems.
Attachment of microorganisms to a solid substrate is believed to occur in response to the transport and adsorption of organic compounds to the surface-water interface (19, 22) . After attachment, the phototrophic population can create a nutrient-rich microzone through the production and excretion of photoassimilated organic compounds. The ability to remain within this microzone by adhesion processes enables bacteria to proliferate even in environments otherwise unsuitable for survival. This is demonstrated by the occurrence of sessile communities in many extreme environments, ranging from the hot springs of thermal areas (6) to the cold, oligotrophic waters of mountain streams (13, 20 Scanning electron microscopic studies of the mat. Chips were taken from rocks in the stream in such a manner as to avoid disturbing the mat community and placed immediately in 0.067 M cacodylate buffer with 10% electron microscope-grade glutaraldehyde. Samples were later put through an acetone dehydration series, followed by critical point drying and sputter coating. All samples were viewed on a JEM 100CX electron microscope with an ASID-40 scanning attachment.
Sample collection and preparation. The mat community was removed from rocks by scraping the surface with a sterile X-ACTO knife blade. A 9-cm2 template (18) was used to obtain material of known area from several rocks at varying points in the stream to ensure a representative population. Filtered stream water (0.22-p.m-pore GSWP filter; Millipore Corp.) and sterile pasteur pipettes were used to remove any residual material after scraping. Samples were placed in sterile polypropylene scintillation vials and kept at or below ambient temperature until they could be returned to the laboratory (3 h). A homogeneous suspension of the community was then prepared by agitation with an Omnimixer (Ivan Sorvall, Inc.), a method that proved to be the most efficient at disaggregating clumps of cells for enumeration. The mixing chamber was immersed in an ice water bath to avoid frictional heating, and the resultant homogenate was diluted to a final working concentration with filtered stream water.
Bacterial enumeration. The total number of bacteria present within the mat was enumerated by epi-illuminated fluorescence microscopy (14) with an Ortholux II microscope (Leitz/Opto-Metric Div. of E. Leitz Inc.) equipped with a mercury-xenon UV lamp. Blanks were also run for each set of preparations and subtracted as background. Twenty fields were counted for each dilution, with arithmetic means and standard deviations computed and recorded as either cells per milliliter or cells per square centimeter.
Measurement of primary productivity. Portions (10 ml each) of the mat suspension were dispensed into sterile glass vials, and 1 ml of NaH"4CO3 (specific activity, 10 ,uCi/ml [10 , ug/, uCi A killed control (HgCl2, 50 mg/liter) was run for each concentration. The reaction vessels were sealed with serum stoppers fitted with a plastic cup and stem assembly (Kontes Glass Co.) that held a fanned piece of filter paper (20 by 50 mm). Incubation was carried out at ambient stream temperature for 12 h in the dark. Reactions were terminated with the addition of 0.2 ml of 4 N H2SO4 to the suspension through the stopper. P-Phenethylamine (0.15 ml) was added to the paper wicks, and flasks were shaken for 1 h on a rotary shaker (100 rpm) to ensure 14CO2 release from the solution. Wicks were removed and placed in 10 ml of scintillation cocktail (toluene-PPO [2,5-diphenyloxazole], 5 g/liter). The remaining suspension was collected on 0.22-p.m-pore GSWP filters (Millipore Corp.) and rinsed three times with 10 ml of reagent-grade water (Milli-Q; Millipore Corp.). The filters were then placed in scintillation vials and dissolved in 1 ml of Cellosolve (2-ethoxyethanol; Sargent-Welch Co.); 10 ml of Aquasol was added, and samples were counted as before. Efficiencies were determined by the channels-ratio method for respired "4CO2 and by external standards for incorporated glutamate. Background and controls were again subtracted.
Chlorophyll determinations. Portions of the mat suspension and lake water were collected on 0.45-,umpore HAWP filters (Millipore Corp.). Extraction of the dried filters was done by sonication in 5 ml of 90% acetone for 30 min. The samples were then steeped for 24 h at 4°C and analyzed spectrophotometrically (Techtron 635 spectrophotometer; Varian Co.). All procedures were carried out in the dark to prevent photodecomposition of the pigments. Chlorophyll a levels were determined with the procedures and formulas outlined by the American Public Health Association (3).
Chemical analyses. Water samples for the determination of N02-N, N03-N, and reactive phosphorus concentrations were collected as recommended by the American Public Health Association (3). Colorimetric procedures were used for analysis (12) with reagents purchased from HACH Chemical Co.
RESULTS
The slippery surface properties of the mat suggested that extracellular polymeric material was a major component of the community. Observations with phase-contract microscopy and scanning electron microscopy revealed this to be true. The mat consisted primarily of diatoms, bacteria, and some filamentous algal forms, all embedded within a dense gelatinous matrix. Figure 1 shows electron and phase-contrast micrographs illustrating the general structure of the undisturbed mat community.
The changes in the phototrophic population throughout the study period are shown in Fig. 2 Turnover times, which are also obtained from heterotrophic potential calculations, are a measure of the half-life of a particular substrate in the environment. These values are the inverse of heterotrophic uptake and thus are difficult to use as an index of bacterial metabolic activity (28) . In Fig. 3 , the inverse of each turnover time has been adjusted for bacterial numbers within the mat to give a plot of turnover rate indices with seasonal progression. This graph shows the progressive rise in the metabolic activity of the heterotrophic population in midsummer.
The results made evident by the heterotrophic potential data were supported by a separate analysis. The uptake and turnover time of a single concentration of [14C]glutamate (added to the sample at zero time) within the incubation period showed patterns similar to those of Vmax and turnover rate indices. When the Vmax values were again adjusted for the bacterial population at each date, a measure of the relative heterotrophic activity was obtained. These data are shown in Fig. 4 , along with the plot of the chlorophyll a content of the mat, and indicate that bacterial utilization rates of glutamate increased significantly as the season progressed. This trend appeared to follow the decline of the phototrophic population.
DISCUSSION
The geographic location and extreme oligotrophic nature of the Pine Creek system made this particular epilithic community an attractive study site. Because of the short duration of warm weather, the mat was active only a few months out of the year. This made it possible to monitor changes in the component populations, from initial colonization to decline and removal from the rock streambed, within a reasonably short time frame. The low levels of organic matter (<3 mg of total organic compounds per liter) in the stream water also enabled us to examine this community without significant allochthonous carbon input.
The growth of the phototrophic community, as monitored by chlorophyll a and primary productivity measurements, peaked at the same time of year (6 August) as did stream water temperatures. This is in agreement with findings of other workers (7, 24) who also noted that algal growth and activity followed temperature patterns. The concentrations of N02-N, N03-N, and reactive phosphorus in the stream were monitored at various times of the year. Although changes in the levels of these compounds are often implicated as governing the growth and physiological states of aquatic phototrophs (10, 15, 23) , concentrations of these compounds in Pine Creek were always below 0.1 mg/liter.
A reduction in photoperiod and stream temperatures appears to be the most probable explanation for the decline in the phototrophic population after 6 August. Such a phenomenon has already been demonstrated by Albright et al. (1) in studies of sub-Arctic Canadian rivers.
Bacterial heterotrophic activity was monitored to determine the potential for removal of organic matter in this pristine environment. All aspects of heterotrophic activity showed dramatic increases with seasonal progression. Vmax, indicative of the maximal uptake rate of a given substrate by the population, increased to values three orders of magnitude higher than the lowest levels. This is in contrast to results FIG. 4 (18) in studies of a subalpine system in Alberta, Canada, and could be due to the higher allochthonous levels of organic material in the overlying water column of the stream they studied, particularly since their study was conducted in a lower and more complex life zone.
The results shown in Fig. 4 suggest that the heterotrophic bacterial population in the mat responded to a decline in the phototrophic community with higher catabolic rates. Although others have also observed patterns similar to this associated with planktonic organisms (5, 16) , a positive correlation between phototrophic and heterotrophic populations appears to be more common in aquatic environments (2, 15, 17) .
Two mechanisms to explain the seasonal patterns shown in Fig. 4 are considered here. The catabolic activities of the bacterial population may have increased in response to quantitative or compositional changes in the soluble organic compounds excreted by the phototrophs as their population was waning (8, 11) . This release mechanism is well documented (21, 25, 26) , and it has been suggested that bacteria in close association with algae can act as sinks for these products (4, 20) . However, an examination of Table 1 (columns two and four) reveals that bacterial consumption rates were highest when primary productivity was at a seasonal minimum, which would indicate that bacteria were substrate limited at this time of the season with respect to algal extracellular products. It is likely, therefore, that the acceleration of bacterial catabolic activity was triggered in response to an accumulation of algal lysis products.
In the past, Vmax has been considered useful for the estimation of biomass (30) , a concept that still is considered largely valid for laboratory cultures. Our findings agree with later reports by Wright and Burnison (29) which indicate that, in a natural environment, Vmax is not a proper estimator of biomass. Results from this work and those published by Wright (27) reveal that maintenance energies of aquatic bacteria are relatively high, with more than 65% of added labeled substrate being mineralized to CO2. As a result, the activity of bacterial populations can vary without a concomitant change in the numerical magnitude.
The results presented here help to define the events that occur in the development and senescence of an algal-bacterial mat community existing in a high alpine environment but leave the specific symbiotic interactions of the organisms to speculation, particularly in the area of nutrient exchange between the phototrophic and heterotrophic populations. Work in progress has been designed to follow the pathways of carbon flow through the trophic levels of the mat and should provide a more accurate assessment of the situation.
